By BEATRICE N. VACCARA

An Input-Output Method for Long-Range Economic Projections

IHPIPI'—DUTPUT (I-0% methods are
being applied incraasingly to the study
of a variety of ecomomio problems.
Theza ppplications include measure-
ment of the direct and indirect affects
- of stipulated changss in the output of
one or mors industries upon the sutputs
of all other indostries; moasurament of
the eaffects on pricas throughout the
ssonemy of chenges in the costs or
prices of one or more industries; assess-
ment of markets for individual cem-
- panies or industries, taking account of
indirect demand that reaches the com-
pany or industry through a chain of
interindustry repercussions: and ecalon-
lation of indusiry ontputs consistent
with specified Jevels of gross national
produst {GNF).

An important use of the last-men-
tioned application is in studies of
long-range economic pioblems. Typi-
cally, such studies require projections
of industry outputs under alternative
assumptions about the rate and pattern
of economic growth. The nse of I-0
methods for long-term projections in-
volves more comprehensive methodolos
gies than the other types of use. It
requires {1) projection of GNP, (2)
conversion of the projection into the
form snd detsil of the I tebls, and
{3) the caloulation of industry outputs,

The methods necessary to cary out

this procedure sre not sat. They can be

formulated in different ways, making
widely different olaims on the iime,
respurces, aod skills of those who
dasign them and those who use them.
Thiz articla deseribez one possible
methed. This method is fairly simpla
and ita application does nob rTequire
lorge resources. The article evaluates

the adequacy of the method by compar-
ing projested ontpute with scteal out-
puts, and exsmines the causes of error
in order to identify the elements of the
method whesa refinement ie nost Fkely
to impzove the resnlis!

Beeause this report avalustss the
method by compsring projested in-
dusiry cutputs with actoal outputs, the
projections must be for & pest rather
than 8 future year. 1968 'was chosen
baganze at the time the underlying re-
search was undertaken it was the latast
year for which actust industry output
information was available. The projac-
Hons for 1968 were made from the van-
tage point of the year 1963, chosen
bocansze it was the yaar in which the 1958
J-0 table became availabla?

Methodology

The use of IO techmgtes to make
long-rangs projectiohs reqiires auccili-
ary tools and supplementary informa-
tion not contained in the typical I-O
tables.? Theee requivaments correspond
to the three stages of the procedure
used for this atudy. The fiest stage is
to derive projections of GNP and its
majer components. The second is to
express them in the indusiry dstail and
in the prices and valustion level of the
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I-0 tehle. The third ia to use an inverse
IO mairix to darive projections of
total suiput of each I-0 industry. The
three stagez of the procedure will be
discussed in turn.

Projecting GNP components

The first requirement for making
1968 industry outprt projeciions was to
project G NF snd its major components
fiva years shead. For this purpose, an
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ecenomatrie model developed for OBE
by Lester C, Thurow was used.! This
model, which is still in the formative
stage, is desiznad to provide long-range
projections of the U.8. economy and to
aid in the formulation of fiseal policies
that would achieve givem unemploy-
ment targets.

Brisfly stated, the model consists of
20 funotional equations angd five iden-
titiea. The major exogenous variables
are population, the unemployment rata,
exports, prices, and wariables that are
ingtroments of Federal Government
policy {(eg., tax rates, employee com-
pensation and other purchases of goods
and services, transfer payments, and
grents-in-aid to  State and  local
governments).

The model has 2 supply side and a -

demand side which are linled by a set. of
income flows. The supply and demand
gides are estimated in constant dollars.
Ingomes are estimatad in current dol-
lars. Exogenous prices are used to move
from one sida of the madel to the other.

Baecause bath the unam playment rata
and Government purchases are exog-
enous, the supply and demand sides
“need not balence. A gap betwean GNF
estimated from the supply side and
GNP estimated from the demand side
indicates that the tarpet unemploy-
ment rate cannct He achieved unless
Government policies are changed.

The supply side ol the model is usod
to estimate the GNP asacciated with s
given unemployment target. Its equa-
tionz determine the size of tha labor
forve, it division between private end
public employment, average annual
man-hours, and gross capital stock.
These labor input and capital stock
variables ere combined in » production
function which vields the supply-zide
estimate of GNP.

A set of ingomes is associated with
the supply-side GNFP. Total inceme
necessarily aquals the supply-side GNP,
but its distribution smong persons,
gorporetions, and govermmeni is In-
. fluenced hy fiscal policies. The income
equations of the model include numer-
pus fiscal policy wveriebles which are
used to derive the distribution of total
income.

Qiven the incorne fows, the demnnd
equations estimate personsl consump-
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tion expenditures, residential invest
mené, business investment in
nonresidential structurss, equipment,
and inventories, imports, and State and
local government purchsses. Exports

sra estimated exogenously because they -

depend primarily on foveign economic
sotiditions. Federal Government pur-
chases of business products (gocds and
gervices except employse compensation},
the remaining element of final demand,
are also exopencua. As an n.lt.ernnt.wa
howaver, they can be determined rem-i—
ually l:n;r gubtracting sll other demand
components of the GNP from total
GNI' as estimated from the supply
side. In this study, the Government
ecomponent was derived in this residval
fashion.

The model was uzed to gﬂnarate 1968
GNP end itz major final domsnd
components using actusl velues for tha
exogenous varisbles. The use of fore-
casts of these wariables would have
tasted not only the errors generated by
tha model but also those stamming
from madequacies in the predictive
powers of the forecaster. All endogenous

variables, legged and current, were

generated by the model.

FPrajecting GNP nmnpmuts by I=0
tndustry

Next, the demand components of

GNP were translated into a “bill of

goods,¥ that is, the industry detail
prices, and valnation leval used in the
1-O table. The medel distinguishes only
broad GNP components and thus the
construction of a hill of goods wes &
criticel miep. For axample, the modsl
provided only a global projestion of

personal consumption expenditures; it -

did not tall how these expenditures
were divided smong food, clothing,
ﬂhelf.er Tocrantion, ate., nor among the
varmua industries thut. produca thesa
jtems. The caleulation of this detail
wag purt of the construction of the bill
of goods.

The 1958 industry composition of
GNP componsnts 8 given in the final
demand eolumns of the 1958 I-0 table.
They show, for each component of
GNP, the dollar values aontriboeted by
aach of the industries that make up the
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aconomy. The percentage distribution
of the enfries in each final demand
column of the 1958 table was applied
to the 1968 projection’ of the spproe-
priata demand eomponent of GNP, to
darive the projections of 1868 flnal
damend by -0 indusiry. Thess per-
centaga distributions are termed “bridge
tahlag ™ &

Tha bridge tables alsn served to
fzanelata the projecied GNF compo-
nents, which are expressed in pur-
chssers’ prices, Into producers’ prices,
the valuation level used in the I-O
table. They did so because the entries
in the I-0 table, from which the bridge
tables were derived, are at producess’
prices. The trede snd transportation
. costs which constitute tha difference

betweéen producers' and purchasers’
prices appear in tha =0 table an
separase inputs jrom the irede and
transportation rows to the final demand
golumns that show the purchase of
goods with which these distribution
serviccs ATe associated.

Tha derivation of a 1968 hill of goods
by the procedure just described assumes
that over the 1958-68 decads there
oegurrad no marked change in the
industry composition of any of the
GNP demend components thal are
distinguished by the model. For exam-
ple, the procedure assumies that in
1968, 2= in 1958, 4.1 pexcent of total
bueiness ountlays for equipment would
be aceounted for by office, computing,
and pocounting machines, Even & hasty
look at production statistica for this
industry casts doubt on this assump-
tion. Likewise, the procedure allocates
2.5 percant of perscnal consumption
expenditures to petroleum produots—
the aeme as in 1968, notwithstending
the disproportionate growth in tha
number of passanger cars.

In spite of the possible obsoleteness
of the bridge tables, lack of annual date
on the detailed industry composition of
GNF components precludes low cost al-
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ternatives.! However, in projecting tha
industry composition of GNT compo-
nenits for 1968, it is possible to meke
use of hridgs tablea for 1947 a5 well as
for 19587 As can he seen from Ap-
pendix Table 1, the 1847 bridgs tables
differ markedly fram tha 1965 tables.
Although it is guestionable whather che
diffarences betwaen the 1947 and 1958
tables can be regarded a2 representing
only trends, it was decided to widlize
these differences t¢ develop an alternn-
tive procadurs for deriving the 1968 bl
of gooda. In this elternative procedure,
the 1958 hridge tables were modified to
reﬂal:.t- continuetion to 1948 of the 1047-

58 aversge sonual rate of change in
thesa bridge table entries.? (Saa tha
“projected 1988”7 bridge tables in Ap-
pendix Table 1.)

Projecting indusiry outputs

The final step in the procedure was
to multiply the two alternative 1988
bills of goods by an [-0 inverse {total
raquirements) matrix to derive the total
wvuéputs required from sach industry to
supply the bills of goods. The eniries
in such & m#trix measure the ontput
required directly and iedirectly from
each of the industries to produsce ons
dollar of final output of any industry
that iz specified.* The inverse matrix
used reflected 1958 input coefficients,
i.e., the proportions m which the various
industriss contribuiad to-the cutput of
any given industey in 1958, Ideally, this
matrix ehonld incorporate 1988 coeffi-
gients, which might be very diffarent
froma those that axisted im 1958,
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Input geefficients change for many
reagons. The introdoestion of new
producis and ihe diszppearsnce of
existing ones, changes in the manner in
which produciz are produced, and
changes in the relative importance of
varions products all can fead to changes
in thase qoefficients,

Technological progresa s sn
impurt-a.nt cause of coefficient changs.
Chropes in the scele of pmdumun,
including utilizetion of existing capacity
as well s¢ long-term extensions or
curtailments in the scale of operations
which occur in response to changes in
supply and demand, ocsan also alter
cocfficients. Bo can substitutions, in-
duced by changes in supply and
demand, thet ere made smong inter-
mediaie prodocis, labor, snd capiiel.
Even il coefficients for given products
remnin the seime, changes in the propor-
tions in which the given preducts are
produced, incdading changes in their
gaographical cvigin, can affect the
coefficients, becauze these oocfficients
are in effect weighted wverages that
reBect tha product mix of the industries
specified in the I-0 tebles.

It is difficult to make & systematio
and exhaustive lat of the "real" factors
that can couse changes in coefficients,
For instance, {lovernment regulataon,
not kitherto mentioned, is probably =
gpnificant soures of change. In addition,
there are fnctors stemuming from statis-
tieal procedures, such as those related
to conventions used in handling second-
ary producta end imports in the
construction of I-0 tables, snd ths
statistical errors to which thesa tables
ats subject.

The forepoing suggesiz thai the
projaction of cosflicient change is o
difficult tesk. Empirical work done at
OBE haz confirmed this suggestion.
Comparison of soefficients for the years
1847 and 1958 P ravealad meny changes.
They ranged from & decreass of 95
percent in the input coefficiant of caal
into ths transportition industry, to an
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increase of 218 percent in the input
coaficient of rubber snd miscellanecus
plastic produets intc the household
furniture industry, Mot all cases were
s¢ éxtreme, but coefficients shanged
markedly, both in degree and direction,
on & hroad front.

Tt was ovident that without an
extensive analysizs of the causas of
coefficient change, it would be impos-
.eible to construct a matrix incorporating
projections of individual eoefficients
to 19481 Clonsequently, s decision was
- made to use, az m first approximation,
the 1052 inverse mairix withont raod-
ification, Rezliance was placed on the
often sxpressad proposition that in an
industrial aconomy 25 large and long-
. egtablished az that of the Unitad
States, changes in the coefficients for
entire industries tend to oscur elowly.
For example, introduction of superior
produection proeesses doas nof affect the
entire induetry dmulisneoasly, because
axisting eapacity in pood working order
iz rarely serapped immediataly. Eather,
thess processes spread graduslly, as
industrial ecapacity is extended or as
 aging capacity iz dizscarded at a some-
what faster rate. For example, st the
emd of 1968; only 37 percent of TI.5.
steel-muaking capacity reliad upon the
basic oxygen [urnace, salthough this
fornace was perfected by 1954.%

It appeared likely, however, that
use of the 1958 inverse matrix would
lazd to smbstantial errors, and en
alternative technique, designed ta allow
for coafficient change, was triad. Com-
perison of the 1947 and 1958 coeffiviants
revealed thal consumption of a given
input per unit of owtput tended io
change in ¢be sanpe direction for all
the wusing industries. For example,
almost all the cosfficients along the
iron and steel industry row of the
direct requirements matrix showed de-
croases between 1947 and 1968, There
were substential variationa in the rate
of decrease, however: use of iron and
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steel products per dollar of new c;nn-

at.rv"mt.inn declined 18 percens, wheress

the use of such products per dollar of
sircraft and ordnance .production de-
iged 62 percent, Moreover, ot all
 rows showed patterns as systematic
as that for the iron and steel industry.
In some rows, there were instences of
coofficient change in the dirsction
opposite to the average, and these
opposite movementis were not confined
to the poafficients for small castomers
nor to producing industries with small
average changes.

In spite of their impefections, the
row patlerne seemed fo supgest a
sammary adjustmemt for cosfficient
change, To derive this summary ad-
jusiment, the 1058 bill of goods was
multiplied by the 1947 inverse; then
1948 intermediate sutputs wera derived
by subtracting from each industey’s
total output, thus calculsted, the in-
dustry’s 1058 final demsnd. The actual
1958 industry intevmediate outpuis
wera expressed us parcentapes of the
derived mtermediate outputs. These
percentages monsured the errors in
intermediate outputs which astermmed
from tha failere to take into account
changes in coefficients from 1947 to
1958, :

Iznoring signs and witheut waighting,

. the 71 producing industries examined

showed an average difforence of 30
pereent between the intermediate out-
put acinally reguired to produce the
1952 bill of ponds and the intermediaka
outpat derived by wusing the 1947
inversa. When anmual rates of change,
rather than total change over the
period, were computed for the 71
industries, the averaga (without regard
ko gigm) wam 2.3 percent per year. The
annus] rates of change for individual
industries varied considerehly. Some
industries, for instence petroleurn re-
fining and elestric wiring and lighting
oq wipmend, showed virtually no changes,
(Qffice, computing, end sccounting ma-
ghires showed an lnsreasse of 13.2 per-
pent par year. Cosl mining registered s
dooresse of 5.5 percent. Of tha T1
industries examined, 28 had average
annual changes in intermediate output
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of 2 parcent or more, 12 negative
16 poeitive. C
Tt was decided %o adjust for ‘the
impact of coeficient chenges in only
a limited numbér of industries. Adjust-
ments were made only for industries
that showed changes in the intermediate
output requirement of et Jessk 2.0
percent per year. For example, the
svernge annusal incrense of 15.2 percent
noted sbove for the office, computing,
npd soconnting mechines industry was
mssumed to continue for 10 yesrs;
therefors, the 1965 intermediate output
for this industry derived by using the
1952 inverse wes multiplied by 4.1.
(See Appendix Table 2.)

Summary of Eatim&ting Procedure

It may be worthwhila to summarize
the steps taken to project 1963 outputs
by I-O industry. Firat, projections of
1088 GNP and its msjor components
{in 1058 prices) were derived by use of
the medel, Sescnd, these final demsnd
components ware sllocated among the
industries shown in the 1958 I-0 table
by use of two aHernative sets of hridge
tables; B eet using gctusl 1058 data
and » set that allowed for & continua-
tion to 1988 of the 1947-58 average
annual rates of change in the iahle
anteies. Third, the two 1963 bills of
goods resulting from the application
of the bridpe tables were muitiplied
by the 1958 inverss matrix to yield
estimates of total 1968 output by I-O
industry. In addition, fer selected
industries, intermediate output {total
output less final demand} derived from
this caleulation was wdjnsted to allow
for n coniinuation of the 1947--1958
impant of coefficient change.'

Tha four alternative projections of
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1968 industry owipits were comnpared
with estimates of actual 1968 outputs
and the percentage differences betwaen
projected and actusl sutputs wars
computed. Becamse of incomplete in-
formation about actual 19688 cutputs,
the comparison of projected and scinal

SURVEY OF CURRENT BUSINESS

outputs was eonfined to manufacturing,
mining, sagricaltura, snd trade. In
some cases, it waa necesmary to com-
bine industry oirtput projectinns to
make them comparable to the estimaies
of actetal outputs; in all, eomparisons
for 51 industry proups wers made.

‘Evaluation of 1968 Projections

DIFFERENCES batwasn projected and
actual 1968 induséry onipmis can resule
from deficieacies (1) in the model used

0 project the GINF components, (2) in

_ the bridge tables used 0 convert thesa
components into bills of goods, andfor
() in the techmiques for deriving
industry ovtputs corrasponding ko given
bills of goods. In eddition, some of the
differences batween projected and aotual

. ouipuis may result from arrors in the

“sotual’” 1968 cuipuls, which are sub-

jatt to error beocause of deficiences in

the source dats on which they rely.

Particular difficulties were encountered

in matching available sciusl data with

I-0 industry definifions and in con-

verting the 1968 value of shipments into

1955 prices.

Effectiveness of mnthuduiugiml ro=
Finements

The sctual 1958 outputs, the four
aliernative projectad cutputs, snd the
percentage differences bhetween pro-
jected and actual outputs far the 5t
industries stwedied sre shown in tabls 1.
For ssch altermative, average arrors for
the 51 mdustries are nlso shown. These
nvernges ware computed without regard
to 'sign, and on an unweighted basis as
“well as with industry outputs 25 weights.

The weighted average arvor in the
1968 projections based on tha usa of
the 1858 bridge tables and the 1958
inverss was 10.3 percent. The joint
effect of the methadolagical refineman ts
in the bridgs tables and in the usa of the
1958 mpetrix reduced thiz arror 2.5
parcentage points, to 7.8 percent. On

an anwaighted besis, the corresponding
figrures ware 10.0 percant, 1.5 persentage
points, and 9.1 pareent, Thus, introduc-
tion of the refinemeniz had a much
laxger impact in paducing the weighted
than the unweighted arror. In other
wards, the sime of the improvemenits
stemming from the refinements was
correlsted pesitively with indusicy size.

The array of aversge errors can ba
used to gauge the separais contributions
of the two methodologica) reficements.
The contribution of the bridge table
rafnement can be asseased in two ways:
by caleulating the error reduction due
to its introduction into the projactions
that use the 1958 inverse matrix with-
out modification, or into the projections
that use the 1958 inverse with adjust-
ment for coefficient change. Similarty,
there are two ways of messiring the
effoct of introducing the refined wse of
the 1958 inverse: by caloulsting the
error reduction due to its introduction
into the projections that use the 1958
bridge tables, or inte the projections
that use the adjusted bridge tables. In
table 2, the avorage emvora caloulated in
table 1 are arrayed and differenced to
derive the separate contributions of the
two methodological refinements,

As czn be seen from tahle 2, the
weighted error measure indicates that
the bridge table refinement was & more
important sguree of itnprovement than
the refinement in the use of the 1958
inverse: 1.5 ag compared with 1.4 per-
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centaga points, or 1.1 a8 compared with
0.7 percentage points, depending on the
variant chosen

The unweighted error measnre con.
woys the opposite mesange One peir of
comparisons suggests that the refine-
ment in tha use of the 1958 invarse con-
tributad 1.8 perpemtage points to the
improvement, a8 compared with 0.6 per-
centage points contributed by the bridge
teble refinement. The other pair swg-
gegts that the refinement in the use of
the 1958 invarse contribmtad 0.9 por-
contags points, whereas the bridge table
mefinement sctually inecreased the error
by 0.3 percentage points,

It con be ssen that the maglﬁtuds of
the improvement sttributable to the
refinement in the usas of the 1958 jnverse
iz of tha same order of magnitude in the
waightad and the unweightad error ¢al-
oulations. Tt is the sontribution of the
bridge table refinement thet shrinks if
wea subsiitute unweightad for weighted
error measutes. This suggests that the
gize of the improvenents stemmming from
the bridge table refinement was strongly
correlated with industry size.

The difference in the impaet of the
two refinements may be relatad to the
fact thet the criterion for the introdue-
tion of the sadjustment for coefficient
changa wag much strieter than that for
the introduection of the hridpe table
refinemeant. Projocted 1968 intermediate
outputs were adjusted for cosfficient
changs only in industries in which the
1947-55 change in intermediate ¢utput
requiTeinenta was 2 percent or more per
¥ear. Adjustmente to tha 1958 bridge
tahle percentapes were made whenever
the 1947-58 trend was (.01 percant or
more Per year.

In spite of the genaral improvement
due to the methodological refinementa,
the I-O method, as epplied, resultad in -
sizable errors in the projections of in-
dustry oustputs {Chart 3, p. 47). For 23
of the 51 mmdustries the error was 10
percent or more, For four industries—
tobaceo manufantorers, wooden con-
tainers, rubber and miscellaneous plas-
tice products, and optiéal, ophthahmic,
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Tabls L—Comparison of Actocl and Projested 1968 Industry Outpate.

f]

g3 o e e s R 2 (2
_ m ] B | o 4RSS PN BT VT IR SN G TN AN (8¢ 43
ik wmm o RATS R AT PR AT T AT N DAY iR m I
o
3| oy oo s e v e o0 o g e A | (1 43
(1] | mmua onam R E My
g
% . 3% Stz P38 : 5
HIEIE M3 TSR DI S v TR G 4O o omm
=l w .ﬂ. =] .ﬁ -
R L T T
3 w g $5048 EHBUE Soyhe fdims N2R%8 28Ry 92837 BESE & #ESEE SRR &
1K % um. D\ RAS wgE* Gl S SOAE N deSEE AEES SRS o degiy g 3
H - ﬂ -
| N e e R A R A ey

I-0 haduabry surmbee sad Hils

-

BimEmLisssimE
-

B0 MPPROK FTORCAT e —sen msssmsss smmrmessas
s products

¥
Lher
Soal mining.

L

-
i

Cruds petroHial W DAUNA] E8mamsnsninse cumns

tﬁm
12
4

Minkxg W WARmeEIE 20w (PR I - aasmss e s res s =es wrr e ran—————y
Fegalf . .
manupictiney. .

Huwr

1

e

————m—

e LT TP —

axcapt contalnam and DomE. .o iaana

i mm
5 il
i i
p i
mmmxmm

nasmaEreT=

L
i
|

¥

Egﬂuhd nmlnl prnidinets, .

—aTETEE SR AL rEsEE

T kal pinTy

Iron aned atesl
ponlarTons

2% ]
sandd sRaes

. Sy eriapeiaéors

TRBATUg BLREHITIERY 1 an2ennqosnosns

ﬁm-u_.
uthdirery,

ared wirhy,
agd

citicload

and eqilpnegl ... ..
and ordnas,
Othar bran:

¥
1)1 1]
W¥h

Py
s

) E
YINWY SEOER XRszn

- wdipnles

ket b Bt o) P

ﬁ:‘ equipmisst s suppiliay_ .

oot
and retal] brads .. ...

L n-w'

w

a0, 13
41
o
[
&
-

Total . oo e

A

Tamelghisd

Walghted by etpot
“Valtiss In Jtabies indisnte that the intermedisbe Mpmdﬂmmﬁad}uhdhﬂtﬂdmtﬂm.

Soores: TE, Papartment of Condineres, O es of Btoss Eooiomicd,




July 1871

and photographie equipment snd sup-
plies—the error was over 20 parcent.

Sourcey of error in outpot profections

As has been stated, the errors in the
1968 industty output projections are
due to errors in the GNP projections,
in the bridge tables, andfor in the input
voefficients. Unfortunately, it is not
possible to isolate the error due to esach
of thesa factors. To do that. would
" require the actual 1963 GNP compo-~
nents, the actuad 1968 bridge tablas, and
the actual 1968 inverse matrix. Only the
. actual 1968 GNP components are
known The errors in the output pro-

jections that stem from errers in the
' GNP projestion can be measured by
. substituting actual for projected GNP
componsnizs in deriving industry ovtpud
projections end comparing the errers in
the new projactions with the errors in
the prier prejectons.

Substitution of actual for projecied
GNP compenents reduced the errors in
the output projectiona only slightly.
The weighted average error waz reduced
from 7.3 to 7.1 percent and the un-
weighted average from 31 to 8.8

pereent. The small size of the improve- -

ment wes due in part to the fact that
the model parformed well in projecting
total GNF for 1968; it might not
perform so well for other yeors.
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SURVEY OF CUERENT BUSINESS

" The error in projectimg 1968 GNP
{in 1058 priess) was $8.7 billion, an
overgtatement of only one-half of one
percent.® Personal consumption exe
penditores  and  produears’ dwrabls
equipment weie projecied quite so-
curately but there were considerably
Iarger errors in the remaining compo-
nents (Chart 4, p. 48) . New construciion
was overstabed about 15 percent, and im-
ports and State and local government
purchages were sericusly understated.
Beczuse the pluses srd minuses were
not fully offsesting, the residual esti-
mate of Federal Government purchas
was also In error, '

For a few industries, the GNF

projection was a snbstantial source of
error. As might be expected, thesa were
industries whose oubput was determined
primariiy by GNF components that
wers projectad poorly. Constraction is
an outstanding example. Ajreraft and
ordnance is angther. The eutput of this
industry was understated 19.9 persent.
Thiz waa atiributable in large part to

- the fact that 78 percent of the total

final demsnd for this industey repre-
sented sales to the Federal Govern-
ment, & GNF component that was
saricusly understated. Whan actual
1963 valuss of GNP components were
usad, the output of this industry was
undsrstated only T.1 percent.

It eppear= from the above enalysms
that the bulk of the error in the 1968
mdustry output projections is abtri-
butable to deficiencien (1) in the bridge
tables used to transiste GNP compo-
nenty into & bill of goods and (2) in the
techniques involving the 1958 -inverse
ratrix thot were used to derive industey
outputs from the bill of goods.® How-
ever, this assignment of responsibilifies

- should not be sppliad out of conbext.

If e model had been used that projecied
GNP components in greater detail, the
arror attributeble o bridge tables would
have been smaller. On the other hand,

18, Al exogemings I inbathemodatat
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it is wery probable that the contribution
of model arror would have been larger.®

Comparison with crude elternetives

Thus far, the techniques of projecting
industry output discussed in this report
have Lean avaluated without reference
to eliernative technigmes. A compre-
hensive comparison of IO tachniques
with alternative techniques is underway
at OBE. Only one simpls somparison
will be made here with tha GNT blow-
up method, afrequently used method
which essurpes thaé all industry out-

- puta will change m the asme proportich

as total GNP. _

In 1063, tha starting point for the
1968 projections, the full employmant
growth kate of the ULS. economy was
estimatad as 3.5 percent per year by
the Council of Economic Advisers. The
Couneil also estimnted thet the actual
1963 GNF (in 1958 prices) waz 527
hillion below potential GNP Appli-
cation of the 3.5 pareent growth rate
to the 1983 potential GNP of $578
biliion {in 1958 prices} yields & pobential
1988 GNP of 5636.2 billion, or 124.5
percent of astnal 1683 GNP. The GNP
blow-up method would thus project the
1988 sutput level for sach industry at
124.5 percent of its actual 1963 vwalue.

This method of projecting industry
outputs results in higher average ervors
than the “refined” -0 method used in
this etudy. The waighted and un-
weighted average errors for the GNP
blow-up mmethod were 10.1 and 122
percent, respectively, compared to 7.8
and 9.1 percant for the I-0 method.
The GNP blow-up method resylied in
smaller arrors for 16 industries. For 30
industries, the errors were larger: for
5 industries, they wera vivtually the
game. The blow-up method resuited in
errors of nver 20 percent for @ industries,
#6 comparad with 4 such industries
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when the 1-0 mathod was used. Al-
though it is clear thet the I-0 methed
yialded better resulis then the blow-up
mathod, the improvement should be
conzidered in the hght of the lower cost
of the GNP blow-up methed. Of
course, the latter method does not allow
for possible differences among induatries
in rates of gutput chonge.

Summary of Findings and
Conclusions

The simplified I-0 technigua which
hes been described amd tested in this
repors yielded long-range industry out-
put projections that were not entirely
satisfactory. The sverage error in five-
yaar-shead projactions wes olose 1o
8 percent. Forty-five percent of the
industries examined showed errora of
mora than 10 pareent, although fewer
thian 10 percent of the industries had
ariors of more than 20 percent. While
these results were superior to those
obtained by the GNP blow-up tech-
nique, the higher coat of the I-0 method
should be taken into account.

In general, ereors in projecting tha

APPENDIX Tabla 2. —Averape Annoal Rate
of Change, 10¢7=51, in Intermedinte Dok-
put Reqoirements of 1328 Final Demend,
and Adustment Faotor Applied w 1963
Inrermedists Qutput
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SURVEY OF CURRENT BUSINESS

GNP componenta wers nob an impor-
tant source of ervor in the industry
output projections. However, this may
reflect the performsncs of the maodel
in this particular instance and way
not be charactenstis of its genarnl
periormame

Errore in industry outputs wers
nasocintad with the procadura of trans-
lating the GNP components into =
bill of goods by use of 1958 bridge
tables and with the use of the 1958
inverse matrix. The orrors wera re-
duced on the average by adjusting the
bridge fablea for trend and the inter-
mediate outputs for tha averape im-
pact of past sosfficient changes. The
remnaining error conld not be factored
intp ity bridge table and coefficient
somponets.

The results just summerized roost
be regarded primarily as o test of the
ability of tha method used in the article
to make long-term industry output
projactions as of the year 1063, and
not necessardy of ks ability to make
such projections today, o at some time
in the future. For projections mude as
of today, I-0 tables for 1981 and
1983 would be available, as well as
thoee for 1947 and 1968. The additional
information would provide a stronger
basis than existed in 1963 for projecting
trends in bridge tebles and input
ooofficients ) Moreover, if annual I-O

‘tables oan be produced, the lapss of

time batween the last year for which
an I-0 tabls iz available and the year
for which 2 projection is made will
be considerably shortened. This, too,
would improve the sceuracy of the
procedures deseribed in this report.
However, these improvements may
not be sufficient. To improve the pro-
jections of industry. outputs further, it
mey be necessary to strengthen the pro-
cadures used in this study. The abilicy

11, Tho L1
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on 30 analysh of b3 n \ 1004, 1HLL,
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of the model to project GNP compo- -

nents neads'to be improved. This holds

particularly for residential and nonresi-
dential structures, imports, and State -

and local government purchasee, if the
1968 resulis apre -chalacterictic of the

modal’s general performance. Theea im-

provements, along with an improves
ment{ in the model’s ability to project

" GNP from the enpply side, cen at the

sayme time improve the eatimeate of Fad-

" eral Government. purchases which was

derived as a residusl, and was thus sub-

jet to the combined effect of all maodel

arrora.®

Disappragation of the model to yield
maore datailod GNP compopents wauld
facilitate the task of iranslating GNP
eomponents into a bill of goods. How-
ever, this would improve the industry
output projections omly if it were not

offest by a deterioration in the ability-

of the model to forecast toisl GNF and
itz components.

The techniques for projesting bridge

tables used in this study muat also ba
improved. Prejections based on cancal
analyeiz of past trends in bridge tables
may have to be substituted for me-
chanical extrapolations of thess trovids,
Moreover, not all differences among
bridge tables should be regarded ns
trends, and an effort must be made to
distinguish eyelicsl and random mowve-
moents from longer run movements in
these percentage distribotions. Improve-
ment in the projections of changes in

input coefficiants ia alse of congiderable -

importance. To achieve this, it may be
necessary to abandon the summnary
tecbniques used in this study and to
face the complex task of projecting
chanpes in individual coefficients ™

The needs for mprovement outlined
here call for continuing research. For
purpoees that require s high degree of
precision, the edditional expense end
affort seem unavoidable. :
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